(19) 



J 




(12) 



(43) Date of publication: 

16.06.1999 Bulletin 1999/24 



Europaisches Patentamt 
European Patent Office 
Off ice europeen des brevets (il) EP 0 923 147 A2 

EUROPEAN PATENT APPLICATION 

(51) lnt.CI.^: H01M 6/18 



(21 ) Application number: 98122785.3 

(22) Date of filing: 01 .12.1998 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES R FR GB GR IE IT LI LU 
MC NL PT SE 

Designated Extension States: 
ALLTLVMKROSI 

(30) Priority: 09.12.1997 JP 33868597 

(71) Applicant: 

DAMCHI KOGYO SEIYAKU CO., LTD. 
Shimogyo-ku Kyoto (JP) 



(72) Inventors: 

• Ishiko, Eriko 
Kakogawa, Hyogo (JP) 

• Kono, MichlyukI 
Neyagawa, Osaka (JP) 

• Sada, Tsutomu 
Otsu, Shiga (JP) 

(74) Representative: 

Strehl Schubel-Hopf & Partner 
Maximilianstrasse 54 
80538 Munchen (DE) 



(54) Solid polymer electrolyte battery 

(57) A solid battery using a solid electrolyte obtained by dissolving a tetrafunctional high-molecular compound and 
an electrolyte salt in a solvent and crosslinking the solution by the irradiation of an actinic radiation and/or by heating, 
wherein the solid electrolyte is one obtained by using a tetrafunctional terminal acryloyl-modified alkylene oxide poly- 
mer having a high-molecular chain represented by following formula (1) as the above-described tetrafunctional high- 
molecular compound, compounding the solvent with the polymer at a ratio of from 220 to 1,900% by weight to the 
above-described tetrafunctional high-nx>lecular compound, and crosslinking the compounded mixture: 



I I I 

- (CH3CHO) (CH2CHO) „-CO-C = CH 



(I) 



wherein and R^ each represents a hydrogen atom or a lower alkyi group: R^ represents a hydrogen atom or a methyl 
group; m and n each represents 0 or an integer of at least 1 : in one high-OKjIecular chain, m + n ^ 35. 

The solid battery has a high performance and a high-energy density, prevents the occunrence of liquid leakage and 
gas spouting, and has an excellent mechanical strength. 
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Description 

FIELD OF THE t NVENTION 

5 [0001] The present invention relates to a solid battery using a high-molecular weight solid electrolyte excellent in the 
ion conductivity. 

BACKGROUND OF THE INVENTION 

w [0002] A solid battery using a high-molecular solid electrolyte has recently come into the limelight because the solid 
battery has the merits that the possibility o1 the occurrences of a liquid leakage, igniting, gas spouting, etc.. is generally 
low as compared with a battery using a conventional electrolytic solution and can ensure a higher reliability at>out 
safety. However, because the electric conductivity of the solid electrolyte is relatively low as compared with that of a con- 
ventional electrolytic solution, the internal resistance of the solid electrolyte becomes high, when the solid electrolyte is 

15 used for a solid t)attery. only the t>attery having a very small capacity is obtained, which closes the application of a solid 
electrolyte for a thin and tight solid battery having a high capacity. 

[0003] To develop a high-capacity battery using a sdlid electrolyte, a solid electrolyte obtained by mixing an acryloyl- 
modified high-molecular compound having an alkylene oxide polymer chain, an electrolyte salt, and further a solvent 
optionally, and crosslinking the mixture by the action of heat, light, electron beams, etc., is proposed. As conventional 

20 techniques, there are. for example, a high- molecular solid electrolyte by a combination of a trifunctionat polymer having 
a terminal acryloyl-modified alkylene oxide polymer chain, a low-molecular alkylene oxide copolymer, polyvinyl chloride, 
an electrolyte salt, etc., as described in Japanese Patent Laid Open No. 3-177409; a solid electrolyte by a combination 
of a terminal acryloyl-modified alkylene oxide copolymer, an inorganic ion salt, and an organic solvent such as propyl- 
ene cartonate. etc.. as described in Japanese Patent Laid Open No 63-94501 ; and a solid electrolyte by a combination 

25 of a difuctional and/or monofunctional high-molecular compound having terminal acryloyl-modified alkylene oxide pol- 
ymer chain and an electrolyte salt as described In Japanese Patent Laid Open No. 5-178948. However, these solid 
electrolytes are not always satisfactory ones from the view points of a high capacity and a high mechanical strength. 

SUMMARY OF THE INVENTION 

30 

[0004] The present invention has been made under these circumstances, and an object of the present invention is to 
provide a high-performance solid battery having a high capacity, an improved stability of the performance, and also an 
excellent mechanical strength by using a novel solid electrolyte. 

[0005] As the result of making various investigations for solving the above-described problems of the conventional 
35 solid t^atteries. the present inventors have discovered that by using a solid electrolyte obtained by adding specific ratios 
of a solvent and an electrolyte salt to a tetrafunctlonal terminal acryloyl-modified high-molecular compound having an 
alkylene oxide polymer chain made up of at least a specific number of monomer units and fixing the solvent by 
crosslinking the mixture by an actinic radiation such as light electron, etc., and/or by heating, solid battery which is 
excellent in the mechanical strength and has an excellent performance such as the electric corKluctlvity comparable to 
40 a conventional liquid electrolyte is obtained and acconplished the present invention. 

[0006] That Is, the solid t)attery of the present invention Is a solid battery using a solid electrolyte obtained by dissolv- 
ing a tetrafunctlonal high-molecular compound and an electrolyte salt in a solvent and crosslinking the solution by the 
irradiation of an activating radiation and/or by heating, wherein the solid electrolyte is one obtained by using a tetrafunc- 
tional terminal acryloyl-modified alkylene oxide polymer having a high-molecular chain represented by following formula 
45 (I) as the akx>ve-described tetrafunctlonal high-molecular compound, compounding the solvent with the polymer at a 
ratio of from 220 to 1.900% by weight to the above-described tetrafunctional high-molecular compound, and crosslink- 
ing the compounded mixture: 

so R2 R3 

I I I 

- (CH2CHO) (CH2CHO) „-C0-C = CH2 

55 

wherein and each represents a hydrogen atom or a lower alkyi group; represents a hydrogen atom or a methyl 
group; m and n each represents an integer of at least 0; in one high-molecular chain, m n > 35; arxJ each of plural R\ 
R^. R"^. m, and n in the four high-molecular chains may be the same or different. 
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[0007] The solid battery of the present invention has a composite positive electrode made up of a positive electrode 
composite containing a positive electrode active substance and the solid electrolyte, and between the composite posi- 
tive electrode and a negative electrode, the solid electrode can exist as a separator in the solid battery of the present 
invention. In this case, as the negative electrode, a composite negative electrode made up of a negative electrode com- 
5 posite containing a negative electrode active substance and the solid electrode can be used. 

[0008] As the solvent, one or more kinds selected from the group consisting of cyclic esters, cyclic carbonic esters, 
cyclic ethers, nitriles. chain ethers, chain carboxylic esters, chain carbonic esters, sulfolane, sulfolane derivatives, dime- 
thyl sulfoxide. N,N-dimethylformamide, and N-methyloxazolidinone are preferably used. 

10 BRIEF DESCRIPTION OF TH E DRAWING 

[0009] 

Fig. 1 is a schematic view showing an embodiment of the solid battery of the present invention, 

15 

DETAILED DESCRIPTION OF THE INVENTION 

[001 0] Then, the present invention is described in detail. 

[001 1 ] The tetrafunctional terminal acryloyl-modif ied alkylene oxide polymer used for the solid electrolyte constituting 
20 the solid battery of the present invention is a compound obtained, for example, by using an active hydrogen compound 
such as diglycerol. pentaerythritol, and the like as a starting material, adding an alkylene oxide described hereinbelow 
to the active hydrogen compound, and subjecting it to esterif ication with an unsaturated organic acid such as acrylic 
acid, methacrylic acid, etc., or to dehydrochlorination with an acid chloride such as methacrylic acid chloride, etc. Prac- 
tically, as the tetrafunctional terminal acryloyl-modified alkylene oxide polymer, there are. for example, the compounds 
25 represented by following formula (II): 



30 



R' 



I 



\ 



R-- (CH2CHO) „- (CH2CHO) „-C0-C = CH2 



(II) 



35 wherein R\ R^. r3. m. and n have the same meanings as those of the formula (I) described above; and R\ R^. R^. m 
and n each of which occurs four times in one molecule may be the same or different. 

[0012] Specific examples of the polymer are compounds of the formula (II) wherein R, R\ R^, m. and n are as 
follows. 

<o R: 



CH2O- 
I 

CHO- 

I CH2O- 
CHz^ I 

or -OCH2CCH2O- 

I CH2O- 

CHO- 

I 

CH2O- 



R^:H. CHa.orCaHs 
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r2: H. CH3. or C2H5 
R^: H or CH3 
m: 0 to 1 30 
nrOto 130 



100131 The active hydrogen compound used as the starting material for the above-described corrpound may be a 
compound having four functional groups, and there is no particular restriction on the kind of the conpound, but from the 
point of a good reactivity with an alkylene oxide, diglycerol. pentaerythritol. etc.. are preferred, and as other compounds, 
methylglucoside, ethylenediamine, aromatic diamines, etc., can also be used. 

[0014] The alkylene oxides used for the synthesis of the tetrafunctional alkylene oxide polymers include ethylene 
oxide, propylene oxide, butylene oxide, 1 .2-epoxyhexane, 1,2-epoxyoctane. etc., and ethylene oxide, propylene oxide, 
and butylene oxide are particularly preferred. Also, it is necessary that the number of the monomers is at least 35. pref- 
erably from 40 to 120. per functional high-molecular chain, that is, the polyalkylene oxide chain of the tetrafunctional 
alkylene oxide polymer. 

[001 5] If the number of the monomer units is less than 35, there is a problem that it is difficult to crosslink the mixture 
of the polymer and a solvent of at least 220% by weight to the polymer, or the bleed-out of the solvent onto the surface 
of the crosslinked product becomes severe. In addition, in case of using two kinds of monomers, the disposition of the 
monomer units of the polymer may be a block type or a random type. 

[0016] As the solvent used for the solid electrolyte, any solvents having a compatibility with the polymer can be suit- 
ably used but from the points that an ionic compound is soluble and that the solvent is excellent in the conductivity, one 
or more kinds selected from the group consisting of cyclic esters, cyclic carbonic esters, cyclic ethers, nitriles. chain 
ethers, chain carboxylic esters, chain carbonic esters, sulfolane, sulfolane derivatives, dimethyl sulfoxide. N.N-dimeth- 
ylformamide, and W-methyloxazolidinone are preferably used, and in these solvents, cyclic esters and cyclic carbonic 
esters are particularly preferred. 

[001 7] The compounding ratio of the solvent to the polymer is usually from 220 to 1 .900% by weight, preferably from • 
220 to 1.200% by weight, and more preferably from 230 to 1.000% by weight. If the compounding ratio is less than 
220% by weight, the conductivity of the solid electrolyte obtained is liable to become low. On the other hand, if the com- 
pounding ratio exceeds 1.900% by weight, there is a tendency that the mechanical strength of the solid electrolyte is 
greatly lowered. 

[0018] The electrolyte salt used for the solid electrolyte is one or more kinds selected from the group consisting of 
lithium fluoride, lithium chloride, lithium bromide, lithium Iodide, lithium nitrate, lithium thiocyanate. lithium perchlorate. 
lithium trif luoromethanesulfonate. lithium tetraborof luoride, bistrif luoromethylsulfonylimide lithium, tristrif luoromethylsul- 
fonylmethidolithium, sodium thiocyanate, sodium perchlorate, sodium trrfluoromethanesuHonate. sodium tetraborofluo- 
ride, potassium thiocyanate, potassium perchlorate. potassium trifluoromethanesulfonate. potassium tetraborofluoride, 
magnesium thiocyanate, magnesium perchlorate, and magnesium trifluoromethanesulfonate. The ratio of the electro^ 
lyte salt to the solvent is usually in the range of from 0,2 to 3.0 mols/liter. and preferably from 0.5 to 2.0 mols/liter. 
[0019] There is no particular restriction on the production method of the solid electrolyte in the solid battery of the 
present invention, but the solid electrolyte is obtained, for example, by preparing a homogeneous liquid (a solid electro- 
lyte precursor) by a method of previously dissolving the electrolyte salt in the tetrafunctional terminal acryloyi -modified 
alkylene oxide polymer and uniformly mixing the solution with the solvent, or of uniformly mixing the tetrafunctional ter- 
minal acryloyl-modified alkylene oxide polymer and the solvent and dissolving the electrolyte salt in the mixture, etc.; 
thereafter, uniformly coating the homogeneous liquid on a sut>strate by a knife coater. a bar coater. a gravure coater. a 
spin coater, etc.; and then crosslinking the coated layer by the irradiation of a high-energy electromagnetic waves such 
as ultraviolet rays, a visible light, electron beams, etc., or by heating, 

[0020] In this case, if necessary, a photopolymerization initiator such as trimethylsilylbenzophenone, benzoin, 2-meth- 
ylbenzoin. 4-methoxybenzophenone. benzoin methyl ether anthraquinone, benzyl dimethyl ketal, etc.. or a polymeriza- 
tion initiator such as benzoyl peroxide, methyl ethyl ketone peroxide, a.a -azobisisobutyronrtrile. etc., may be added. 
[0021 J The solid electrolyte composition precursor may be coated on a positive electrode or a negative electrode, fol- 
lowed by crosslinking and then used as a separator for a battery, but a composite electrode (composite positive elec- 
trode or composite negative electrode) composed of a positive electrode composite or a negative electrode composite 
can be prepared by uniformly mixing a positive electrode active substance or a negative electrode active substance and 
the solid electrolyte composition precursor and crosslinking the mixture. In this case, to improve the mechanical 
strength of the composite electrode, the solid electrolyte composition precursor can be further coated on the composite 
electrode as a separator portion, followed by crosslinking to provide a solid battery. 

[0022] In case of preparing the composite electrode, an electronic conductive substance (electroconductive agent) 
such as graphite, carbon blacK acetylene blacK cart>on. a metal powder, a conductive metal oxide, etc., may be incor- 
porated. 

[0023] Examples of the positive electrode material which can be used for the solid battery of the present invention 
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include metal sulfides such as TiS2. M0S2. etc. ; metal oxides such as ^s^iz* etc. ; lithium composite oxides such 
as UC0O2. '-iCOxNii.x02 (0<x<1), LiC0xNi^.(x^.y)Aly02 {0<x<1, 0<y<1 and 0 < x+y < 1). LiNi02. LiMn02. LiM204, etc.. 
and further electroconductive high-molecular compounds such as polyaniline. polythiophene, polypyrrole. etc.. but the 
positive electrode material used in the present invention is not limited to these materials. 
5 [0024] Also, examples of the negative electrode material which can be used for the solid battery of the present inven- 
tion include alkali metals such as metallic lithium, a lithium-aluminum alloy, metallic sodium, etc.; carbon materials such 
as graphite, coke, etc: and further conductive high-molecular compounds capable of cation doping, such as polyacety- 
lene. polythiophene. etc. 

[0025] To constitute the solid battery of the present invention, for example, a method of casting the electrolyte before 
^o crosslinking on a negative electrode material, crosslinking the cast layer of the electrolyte by the method described 
above to form a solid electrolyte layer in a thin-film form, and then laminating thereon a positive electrode material; a 
method of forming a solid electrolyte layer in a thin-film form on a positive electrode material and further laminating ther- 
eon a negative electrode material: and a method of forming a solid electrolyte layer in a thin-layer form on both the pos- 
itive electrode material and the negative electrode material and then laminating the thus formed both layers can be 
15 employed although, as a matter of course, the method of constituting the solid battery is not limited to these methods. 
[0026] The following Examples are intended to illustrate the present invention more practically but not to limit the 
invention in any way. 



20 



45 



£0 



(1) Synthesis of tetrafunctlonal terminal acryloyi -modified alkylene oxide polymer: 
[Synthesis Example 1 (Compound No. A-1)] 



[0027] In a 10-liter autoclave were placed 166 g of diglycerol as a starting material. 12.2 g of potassium hydroxide as 
a catalyst, and 6.280 g of ethylene oxide, and after candying out the reaction at 1 30**C for 5 hours, the reaction mixture 
25 was subjected to neutralization and desalting to obtain 6.180 g of a tetrafunctlonal ethylene oxide homopolymer. The 
weight average molecular weight (hereinafter, is referred to simply as molecular weight) of the polymer was 6.350 as 
calculated from the hydroxyl group value. 

[0028] In a 3-liter four-necked flask were placed 1 .270 g (0.2 mol) of the above-described polymer. 86.5 g (1.2 mols) 
of acrylic acid. 700 g of toluene, and 3 g of concentrated sulfuric acid as a catalyst, and after carrying out the reaction 
30 for 10 hours with stirring under refluxing while removing water, the reaction mixture was subjected to neutralization and 
desalting for purification. Then, the toluene was removed from the purified product to provide the desired tetrafunctlonal 
terminal acryloyl-modif ied ethylene oxide homopolymer (the compound of the formula (I I) wherein R, R\ m and n were 
as follows). 

35 R: 



40 




fO: H. m: 35, n: 0 

55 

[0029] The molecular weight of the polymer as calculated from the result of the gel permeation chromatography (here- 
inafter, is referred to as GPC) was 6,570. 
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[Synthesis Example 2 (Compound No. A-2)] 

[0030] In a 10-liter autoclave were placed 1 66 g of diglycero! as a starting material. 20 g of potassium hydroxide as a 
catalyst. 4,590 g of ethylene oxide, and 1.650 g of propylene oxide, and after carrying out the reaction for 7 hours at 
5 1 1S^'C. the reaction mixture was subjected to neutralization and desalting to obtain 6.540 g of a tetrafunctional ethylene 
oxide-propytene oxide random copolymer. The molecular weight of the copolymer was 6.820 (as calculated from the 
hydroxyl group). 

[0031 ] In a 3-liter four-necked flask were placed 1 ,340 g (0.2 mol) of the above-described copolymer. 86.5 g (1 .2 mols) 
of acrylic acid. 700 g of toluene, and 4 g of concentrated sulfuric acid as a catalyst, and after carrying out the reaction 
10 for 1 0 hours with stirring under ref luxing while removing water, the reaction mixture was subjected to neutralization and 
desalting for purification. Then, the toluene was removed from the purified product to provide the desired tetrafunctional 
terminal acryloyl-modif ied ethylene oxide-propylene oxide random copolymer (the compound of the formula (II) wherein 
R, R\ r2. R^, m and n were as follows). 

15 R: 

CH2O- 
I 

20 CHO- 

I 

CH2^ 



25 



30 



35 



CH2 
I 

CHO- 

I 

CH20- 



R^: H. r2: CH3. R^: H, m: 28. n: 7 

[0032] The molecular weight of the polymer was 7.040 (as calculated from GPC). 

[Synthesis Example 3 (Compound No. A-3)] 

40 [0033] By following the same procedures as in Synthesis Example 2 except that the amounts of ethylene oxide and 
propylene oxide were changed to 7,040 g and 2.320 g. respectively, the desired tetrafunctional terminal acryloyl-modi- 
fied ethylene oxidepropylene oxide random copolymer (the compound of the formula (II) wherein R. R\ R^. R^. mand 
n were as follows) was obtained. 

45 R: 



50 



55 
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CH2O- 
I 

£ CHO- 

I 

O 

w , 

CHO- 
I 

CH2O- 

IS 



: K R^: CH3. R^: H. m: 40. n: 10 

20 

[0034] The molecular weight of the polymer was 9.750 (as calculated from GPC). 

[Synthesis Example 4 (Compound No. A-4)] 

25 [0035] In a 20-liter autoclave were placed 166 g of diglycerol as a starting material. 53 g of potassium hydroxide as a 
catalyst. 10.600 g of ethylene oxide, and 6.970 g of propylene oxide, and after carrying out the reaction for 10 hours at 

1 1 S^'C. the reaction mixture was subjected to neutralization and desalting to obtain 1 7. 1 00 g of a tetrafunctional ethyl- 
ene oxide-propylene oxide random copolymer. The molecular weight of the copolymer was 1 7,700 (as calculated from 
the hydroxyl group value). 

30 [0036] In a 5-liter four-necked flask were placed 1 .770 g (0.1 mo!) of the above-described copolymer, 43g (0.6mol) of 
acrylic acid, 1.500 g of toluene, and 10 g of p-toluenesulfonic acid as a catalyst, and after carrying out the reaction for 

12 hours with stirring under refluxing while removing water, the reaction mixture was subjected to neutralization and 
desalting for purification. Then, the toluene was removed from the purified product to provide the desired tetrafunctional 
terminal acryloyl-modif led ethylene oxide-propylene oxide random copolymer (the compound of the formula (II) wherein 

35 R, R\ r2, r3^ m and n were as follows). 



R: 



40 



45 



SO 

CH2O- 



£5 Ri : H. r2: CH3. R^: H. m: 60. n: 30 

[0037] The molecular weight of the polymer was 1 7,900 (as calculated from GPC). 
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[Synthesis Example 5 (Compound No. A-5)] 

[0038] In a 25-liter autoclave were placed 1 66 g of diglycerol as a starting material, 58 g of potassium hydroxide as a 
catalyst, 5,320 g of ethylene oxide, and 13,990 g of propylene oxide, and after carrying out the reaction for 12 hours at 
1 15**C, the reaction mixture was subjected to neutralization and desalting to obtain 19,300 g of a tetrafunctional ethyl- 
ene oxide-propylene oxide random copolymer. The molecular weight of the copolymer was 19.370 (as calculated from 
the hydroxyl group value). 

[0039] In a 5-liter four-necked flask were placed 1 .937 g (0. 1 mo!) of the above-described copolymer. 43g (0.6mol) of 
acrylic acid, 1 .200 g of toluene, and 10 g of p-toluenesulfonic acid as a catalyst, and after carrying out the reaction for 
12 hours with stirring under refluxing while removing water, the reaction mixture was subjected to neutralization and 
desalting for purif icatbn. Then, the toluene was removed from the purified product to provide the desired tetrafunctional 
terminal acryloyi- modified ethylene oxide-propylene oxide random copolymer (the compound of the formula (II) wherein 
R. r\ R^, R^. m and n were as follows). 

R: 



CH2O- 
I 

CHO- 
I 

CH2^ 



CH2 
I 

CHO- 
I 

CH2O- 



R^ : H. r2: CH3. R^: H. m: 30. n: 6 
[0040] The molecular weight of the polymer was 19.590 (as calculated from GPC). 
[Synthesis Example 6 (Compound No. A-6)] 

[0041] In a 30-liter autoclave were placed 136 g of pentaerythritol as a starting material. 78 g of potassium hydroxide 
as a catalyst, and 14.130 g of ethylene oxide, and the reaction was canried oat for 1 1 hours at 140'*C. Then, 1 1.700 g 
of propylene oxide was added to the reaction mixture, and after carrying out the reaction for 16 hours at 110"C. the 
reaction mixture was subjected to neutralization and desalting to obtain 25,900 g of a tetrafunctional ethylene oxide-pro- 
pylene oxide brfock copolymer. The molecular weight of the copolymer was 26.000 (as calculated from the hydroxyl 
group value). 

[0042] In a 5-liter four-necked flask were placed 2.600 g (0.1 mol) of the above-described copolymer, 52 g (0.6 mol) 
of methacrylic acid, 1 ,500 g of toluene, and 30 g of p-toIuenesulfonic acid as a catalyst, and after carrying out the reac- 
tion for 12 hours with stirring under refluxing while removing water, the reaction mixture was subjected to neutralization 
and desalting for purification. Then, the toluene was removed from the purified product to provide the desired tetrafunc* 
tional terminal acryloyl-modified ethylene oxide-propylene oxide block copolymer (the compound of the formula (II) 
wherein R, R**, R^ r3^ rn and n were as follows). 

R: 
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70 



15 



20 



25 



30 



35 



40 



CH2O- 
I 

-OCH2CCH2O- 
I 

CH2O- 



R^: H. R^: CH3. R^: CH3. m: 80. n: 50 
[0043] The molecular weight of the polymer was 26.230 (as calculated from GPC), 
[Synthesis Example 7 (CompourxJ No. A-7)l 

[0044] In a 30-llter autoclave were placed 1 66 g of diglycerol as a starting material, 40 g of potassium hydroxide, and 
1 1 .600 g of propylene oxide, and after carrying out the reaction for 15 hours at 120°C. the reaction mixture was sub- 
jected to neutralization and desalting to obtain 1 1,650 g of a tetrafunctional propylene oxide homopolymer. The molec- 
ular weight of the polymer was 1 1 .760 (as calculated from the hydroxyl group value). 

[0045] In a 5-liter four-necked flask were placed 1 .1 76 g {0. 1 mol) of the above-described polymer. 43 g (0.6 mol) of 
acrylic acid. 1,500 g of toluene, and 12 g of p-toluenesulfonic acid as a catalyst, and after carrying out the reaction for 
15 hours with stirring under refluxing while removing water, the reaction mixture was subjected to neutralization and 
desalting for purification. Then, the toluene was removed from the purified product to provide the desired tetrafunctional 
terminal acryloyl-modrfied propylene oxide homopolymer (the compound of the formula (II) wherein R. R^ R^. mand n 
were as follows). 



CH2O- 




45 



R^:CH3. R^: H. m:50. n: 0 
50 [0046] The molecular weight of the polymer was 1 1 ,980 (as calculated from GPC). 
[Synthesis Example 8 (Compound No. A-8)] 

[0047] In a 20-liter autoclave were placed 136 g of pentaerythritol as a staiting material. 48 g of potassium hydroxide 
£5 as a catalyst, and 15.860 g of butylene oxide, and the reaction was carried out for 18 hours at 120**C. Then, the reaction 
mixture was subjected to neutralization and desalting to obtain 15.930 g of a tetrafunctional butylene oxide homopoly- 
mer. The molecular weight of the polymer was 15.990 (as calculated from the hydroxyl group value). 
[0048] In a 5-liter four-necked flask were placed 1 .599 g (0. 1 mol) of the above-described polymer. 43 g (0.6 mol) of 
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acrylic acid. 1 .600 g of toluene, and 40 g of p-loluenesulfonic acid, and after carrying out the reaction for 12 hours with 
stirring under refluxing while removing water, the reaction mixture was subjected to neutralization and desalting for puri- 
fication. Then, the toluene was removed from the purified product to provide the desired tetrafunctional terminal-modi- 
fied butylene oxide homopolymer (the compound of the formula (II) wherein R. R\ R^. m and n were as follows). 

R: 



CH2O- 
I 

-OCH2CCH2O- 
I 

CH2O- 



R^: C2H5. r3:H. m:55. n: 0 
so [0049] The molecular anrK>unt of the polymer was 1 6,270 (as calculated from GPC). 
[Synthesis Example 9 (Compound No. A-9)] 

[0050] In a 20-liter autoclave were placed 1 66 g of diglycerol as a starting material, 30 g of potassium hydroxide as a 
25 catalyst. 7.040 g of ethylene oxide, and 2.880 g of butylene oxide, and the reaction was carried out for 14 hours at 
1 10*^0. Then, the reaction mixture was subjected to neutralization and desalting for purification to obtain 9.8O0 g of a 
tetrafunctional ethylene oxide-butyl ene oxide random copolymer. The molecular weight of the polymer was 10.090 (as 
calculated from the hydroxyl group value). 

[0051] In a 5-liter four-necked flask were placed 1 .009 g (0.1 mol) of the above-described polymer, 43 g (0.6 mol) of 
30 acrylic acid, 2.000 g of toluene, and 40 g of p-toluenesulfonic acid as a catalyst, and after carrying out the reaction for 
10 hours with stirring under refluxing while removing water, the reaction mixture was subjected to neutralization and 
desalting for purification. Then, the toluene was removed from the purified product to provide the desired tetrafunctional 
terminal acryloyl-modrfied ethylene oxide-butyl ene oxide random copolymer (the compound of the formula (II) wherein 
R. R^ . P?. R^. m and n were as follows). 

35 

R: 



CHzO- 

40 I 

CHO- 
I 

CH2\ 



CHz^ 
I 

CHO- 
I 

so CH2O- 



55 R^: H. r2: C2H5. R^: H. m: 40. n: 10 

[0052] The molecular weight of the polymer was 1 0.300 (as calculated from GPC). 



10 



EP 0 923 147 A2 



[Synthesis Example 10 (Compound No. A- 10)] 

[0053] In a 15-liter autoclave were placed 1 66 g of diglycerol as a starting material, 32 g of potassium hydroxide as a 
catalyst, 9,290 g of propylene oxide, and 1,460 g of butylene oxide and the reaction was carried out for 16 hours at 
s 1 1 0**C. Then, the reaction mixture was subjected to a neutralization treatment, a desalting treatment, and a purification 
treatment to obtain 9.900 g of a tetrafunctional propylene oxide-butylene oxide random copolymer. The molecular 
weight of the copolymer was 10.900 (as calculated by the hydroxyl group value). 

[0054] In a 3-liter four-necked flask were placed 1 .090 g (0. 1 mol) of the above-described polymer. 52 g (0.6 mol) of 
methacrylic acid. 1,300 g of toluene, and 7.5 g of sulfuric acid as a catalyst, and after carrying out the reaction for 12 
10 hours with stirring under ref luxing while removing water, the reaction mixture was subjected to neutralization and desalt- 
ing for purification. Then, the toluene was removed from the purified product to provide the desired tetrafunctional ter- 
minal methacryloyl-modffied propylene oxide-butylene oxide random copolymer (the compound of the formula (II) 
wherein R, . R^, R^, m and h were as follows). 

15 R: 



20 



25 



30 



CH2O- 
I 

CHO- 
I 

CH2"^ 
I 

CHO- 
I 

CH2O- 



R^: CH3, r2: C2H5. R^: CH3. m: 40, n: 5 
[0055] The molecular weight of the polymer was 1 1 .1 70 (as calculated from GPC). 

[0056] The structures and the molecular weights of the tetrafunctional terminal-modified alkylene oxide polymers 
obtained in Synthesis Examples 1 to 10 are shown in Table 1 below. 



45 



so 



55 
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Table 1 





[Tetrafunctional terminal-modified alkylene oxide-modified polymer] 


Compound 

No. 


Starting 
material'^ 


Monomer'^ 


Monomer 
disposition'^ 


Molecular 
weight 


Terminal 
group'"* 


Molecular 
weight 






C.\J 


r\J 












A-1 


DG 


35 






H 


6.350 


A 


6.570 


A-2 


DG 


28 


7 




R 


6.820 


A 


7.040 


A-3 


DG 


40 


10 




R 


9.530 


A 


9.750 


A-4 


DG 


60 


30 




R 


17.700 


A 


17,900 


A-5 


DG 


30 


60 




R 


19.370 


A 


19,590 


A-6 


PE 


80 


50 




B 


26,000 


M 


26.230 


A-7 


DG 




50 




H 


11.760 


A 


11,980 


A-8 


PE 






55 


H 


15.990 


A 


16.270 


A-9 


DG 


40 




10 


R 


10,090 


A 


10.300 


A-10 


DG 




40 


5 


R 


10.900 


M 


11.170 



•1 : DG: Digfycerol, PE: Pent aerythr Hoi 



25 *2: EO: Ethylene oxide. PO: Propylene oxkJe, BO: Butylene oxide 

In ackiition. the numeral shows the monomer unit number per pdyaB^ylene oxide chain. 
'3: H: Homopolymer, R: Random polymer, B: Blod< polymer 
'4: A: Acrylate, M: Methacrylate 

30 [Comparative Synthesis Example 1 (Compound No. B-1)] 

[0057] In a 5-liter autoclave were placed 92 g of glycerol as a starting material. 1 1 g of potassium hydroxide as a cat- 
alyst, 2,640 g of ethylene oxide, and 870 g of propylene oxide and the reaction was carried out for 8 hours at 115°C. 
Then, the reaction mixture was subjected to neutralization and desalting for purification to obtain 3,580 g of a trifunc- 
35 tional ethylene oxide-propylene oxide random copolymer. The molecular weight of the copolymer was 3,600 (as calcu- 
lated from the hydroxy I group value). 

[0058] In a 2-liter four-necked flask were placed 720 g (0.2 mol) of the above-described copolymer. 65 g (0.9 mol) of 
acrylic acid, 1 .000 g of toluene, and 5 g of p-toluenesulfonic acid as a catalyst, the mixture was stirred under refluxing. 
and water was removed from the reaction mixture to provide a trifunctional terminal acryloyi -modified ethylene oxide- 
40 propylene oxide random copolymer. The molecular weight of the copolymer was 3.760 (as calculated from GPC). 

[Comparative Synthesis Example 2 (Compound No. B-2)] 

[0059] In a 1 0-liter autoclave were placed 1 06 g of diethylene glycol as a starting material. 21 g of potassium hydrox- 
45 ide as a catalyst. 3,530 g of ethylene oxide, and 3.500 g of propylene oxide, and the reaction was carried out for 8 hours 
at 120°C. Then, the reaction mixture was subjected to neutralization and desalting for purification to obtain 6.900 g of 
brfunctional ethylene oxide-propylene oxide random copolymer. The molecular weight of the copolymer was 7.100 (as 
calculated from the hydroxy! group value). 

[0060] In 3-liter four-necked flask were placed 1.420 g (0.2 mol) of the above-described copolymer, 43 g (0.6 mol) of 
so acrylic acid. 1 ,420 g of toluene, and 2 g of concentrated sulfuric acid as a catalyst, and after carrying out the reaction 
for 1 0 hours with stirring under refluxing while removing water, the reaction mixture was subjected to neutralization and 
desalting for purification. Then, the toluene was removed from the purified product to provide a desired bifunctional ter- 
minal acryloyl-modif ied ethylene oxide-propylene oxde random copolymer. The molecular weight of the copolymer was 
7.210 (as calculated from GPC). 

55 

[Comparative Synthesis Exanple 3 (Compound No. B-3)] 

[0061 ] In a 5-liter autoclave were placed 1 34 g of trimethylolpropane as a starting material, 5.9 g of potassium hydrox- 
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ide as a catalyst. 1 .320 g of ethylene oxide, and 522 g of propylene oxide, and the reaction was carried out for 5 hours 
at 1 15**C. Then, the reaction mixture was subjected to neutralization and desalting for purification to obtain 1.920 g of 
a trifunctlonal ethylene oxide-propylene oxide random copolymer. The molecular weight of the copolymer was 1.970 (as 
calculated from the hydroxyl group value). 

10062] In a 3-liter four-necked flask were placed 985 g (O.Smol) of the above-described copolymer, 162 g (2.25 mols) 
of acrylic acid, 1 .000 g of toluene, and 5 g of p-toluenesulfonic acid as a catalyst, and after carrying out the reaction for 
10 hours with stirred under refluxing while removing water, the reaction mixture was subjected to neutralization and 
desalting for purification. Then, the toluene was removed from the reaction mixture to provide a trifunctlonal terminal 
acryloyl-modif ied ethylene oxide-propylene oxide random copolymer. The molecular weight of the copolymer was 2, 130 
(as calculated from GPC). 

[Comparative Synthesis Example 4 (Compound No. B-4)] 

[0063] In a 10-liter autoclave were placed 166 g of diglycerol as a starting material. 20 g of potassium hydroxide as a 
catalyst. 1.760 g of ethylene oxide, and 2.880 g of butylene oxide, and the reaction was carried out for 12 hours at 
1 15**C. Then, the reaction mixture was subjected to neutralization and desalting for purification to obtain 4.790 g of a 
tetrafunctional ethylene oxide-butylene oxide random copolymer. The molecular weight of the copolymer was 4.800 (as 
calculated from the hydroxyl group value). 

[0064] In a 3-liter four-necked flask were placed 480 g (0.1 mol) of the above-described copolymer. 52 g (0.6 mol) of 
methacrylic acid. 1.000 g of toluene, and 5 g of sulfuric acid as a catalyst, and after carrying out the reaction for 10 
hours with stirring under refluxing while removing water, the reaction mixture was subjected to neutralization and desalt- 
ing for purification. Then, the toluene was removed from the purified product to provide a tetrafunctional terminal aery- 
loyl-modified ethylene oxide-butylene oxide random copolymer. The molecular weight of the copolymer was 5.010 (as 
calculated from GPC). 

(Conparative Synthesis Example 5 (Compound No. B-5)] 

[0065] In a 10-liter autoclave were placed 136 g of pentaerythritol as a starting material. 1 8 g of potassium hydroxide 
as a catalyst, and 3.520 g of ethylene oxide, and the reaction was carried out for 10 hours at 100*^C. Then, 2,320 g of 
propylene oxide was added to the mixture, and after carrying out the reaction for 1 2 hours at 1 1 5**C. the reaction mixture 
was subjected to neutralization and desalting for purification to obtain 5,800 g of a tetrafunctional ethylene oxide-pro- 
pylene oxide block copolymer. The molecular weight of the copolymer was 5,970 (as calculated from the hydroxyl group 
value). 

[0066] In a 5-liter four-necked flask were placed 1 .194 g (0.2 mol) of the above-described copolymer. 86.5 g (1.2 mols) 
of acrylic acid. 2.000 g of toluene, and 20 g of p-toluenesulfonic acid as a catalyst, and after can-ying out the reaction 
for 10 hours with stirring under refluxing while removing water, the reaction mixture was subjected to neutralization and 
desalting for purification. Then, the toluene was removed from the purified product to provide a tetrafunctional terminal 
acryloyl-modif ied ethylene oxide-propylene oxide block copolymer. The molecular weight of the copolymer was 6.180 
(as calculated from GPC). 

[0067] The structures and the molecular weights of the copolymers obtained in these Comparative Synthesis Exam- 
ples are shown in Table 2 below. 
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Table 2 



[Comparative Copolymers] 


Compound 
No. 


Starting 
material'^ 


Monomer'^ 


Monomer 
disposition**^ 


Molecular 
weight 


Terminal 
group*^ 


Molecular 
weight 






EO 


PO 


BO 










B-1 


G 


20 


5 




R 


3.600 


A 


3.760 


B-2 


DEG 


80 


60 




R 


7.100 


A 


7,210 


B-3 


T 


10 


3 




R 


1,970 


A 


2.130 


B-4 


DG 


10 




10 


R 


4.800 


M 


5.010 


B-5 


PE 


20 


10 




B 


5.970 


A 


6.180 



*i : G: Glycerol. DEG: Diethylene glycol. T: Trimethylolpropane. DG: Diglycerol. PE: Pentaerythritol 
'2. EO: Ethylene oxide. PO: Propylene oxide. BO: Butylene oxide 

In addition, the numeral shows the number of the monomer unit per polyalkylene oxide chain. 
*3: R: Random copolymer, B: Block copolymer 
*4: A: Acrylate. M: Methacrylate 



[0068] Then, using Compound Nos. A-1 to A-10 and Compound Nos. B-1 to B-5 produced in the above-described 
25 Synthesis Examples and Comparative Synthesis Examples, batteries were prepared as follows, and the properties of 
them were determined. 

Example 1 

30 [0069] To 8 g of LiCo02 as a positive electrode active substance were added 3 g of a solid electrolyte precursor made 
up of 1 g of Compound No. A-1 and 4 g of propylene carbonate having dissolved therein lithium perchlorate at a ratio 
of 1 moWiter. and 2 g of acetylene black as an electroconductive agent, and after mixing them on a mortar, the mixture 
was cast on an aluminum plate having a thickness of 20 pm and a diameter of 12 mm, and the cast layer was 
crossiinked using an electro-curtain type electron beams irradiation apparatus in an argon gas atmosphere under the 

35 conditions of an acceleration voltage of 250 kV and an electron beams dosage of 10 Mrads to obtain a positive elec- 
trode having a thickness of 100 pm. 

[0070] After further coating the solid electrolyte precursor on the positive electrode with a wire coater. the coated layer 
was crossiinked using the electron beams irradiation apparatus by the same manner as described above to form a solid 
electrolyte layer having a thickness of 50 ym. 
40 [0071] Also, to 7 g of a carbon powder as a negative electrode active substance were added 0.3 g of polyvinylidene 
fluoride (hereinafter, is referred to as PVDF) and 10 g of N-methyl-2-pyrrolidone to form a mixture in a paste form, the 
paste was coaled on a copper foil, and after drying in a vacuum the coated layer at 200'*C. the coated layer was press- 
stuck thereto at 1 ton/cm^ to obtain a negative electrode having a thickness of 100 pm. 

[0072] The solid electrolyte layer and the negative electrode layer were stuck to each other, and the assembly was 
45 tightly enclosed in a f luorocarbon resin-made cell shown in Fig. 1 to obtain a novel lithium solid battery. 

ExamplQ g 

[0073] To 8 g of UC0O2 as a positive electrode active substance were added 3 g of a solid electrolyte precursor made 
50 up of 1 g of Compound No. A-2 and 6 g of propylene carbonate having dissolved therein lithium perchlorate at a ratio 
of 0.5 moi/liter. and 2 g of acetylene black as an electroconductive agent, and after mixing them on a mortar, the mixture 
was cast on an aluminum plate having a thickness of 20 um and a diameter of 12 mm, and the cast layer was 
crossiinked using an electro-curtain type electron beams irradiation apparatus in an argon gas atmosphere under the 
conditions of an acceleration voltage of 250 kV arxJ an electron beams dosage of 10 Mrads to obtain a positive elec- 
55 trode having a thickness of 100 pni- 

[0074] After further coating the solid electrolyte precursor on the positive electrode with a wire coater. the coated layer 
was crossiinked using the electron beams Irradiation apparatus by the same manner as described above to form a solid 
electrolyte layer having a thickness of 100 pm. 
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[00751 Also, to 7 g of a carbon powder added 0.3 g of PVDF and 1 0 g of N-methyl-2-pyrroIidone to form a mixture in 
a paste form, the paste was coated on a copper foil, and after drying in a vacuum the coated layer at 200''C. the coated 
layer was press-stuck thereto at 1 ton/cm^ to obtain a negative electrode having a thickness of 100 pm. 
[0076] The solid electrolyte layer and the negative electrode layer were stuck to each other, and the assembly was 
5 tightly enclosed in a fluorocarbon resin-made cell shown in Fig. 1 to obtain a novel lithium solid battery. 

Example 3 

[0077] To 8 g of LiCo02 as a positive electrode active substance were added 3 g of a solid electrolyte precursor made 
10 up of 1 g of Compound No. A-3 and 6 g of y-butyrolactone having dissolved therein lithium perchlorate at a ratio of 1 .2 
mols/liter. and 2 g of acetylene black as an electroconductive agent, and after mixing them on a mortar, the mixture was 
cast on an alurriinum plate having a thickness of 20 pm and a diameter of 12 mm. After press-sticking thereto at 1 
ton/cm^, the cast layer was crosslinked using an electro-curtain type electron beams irradiation apparatus in an argon 
gas atmosphere under the conditions of an acceleration voltage of 250 kV and an electron beams dosage of 10 Mrads 
15 to obtain a positive electrode having a thickness of 100 pm. 

[0078] After further coating the solid electrolyte precursor on the positive electrode with a wire coater. the coated layer 
was crosslinked using the electron beams irradiation apparatus by the same manner as described above to form a solid 
electrolyte layer having a thickness of 100 fim. 

[0079] Also, to 7 g of a carbon powder were added 0.3 g of PVDF and 10 g of N-methyl-2-pyrrolidone to form a mixture 
20 in a paste form, the paste was coated on a copper foil, and after drying in a vacuum the coated layer at 200**C. the 
coated layer was press-stuck thereto at 1 ton/cm^ to obtain a negative electrode having a thickness of 100 ^m. 
[0080] The solid electrolyte layer and the negative electrode layer were stuck to each other, and the assembly was 
tightly enclosed in a fluorocarbon resln-made cell shown in Rg. 1 to obtain a novel lithium solid battery. 

25 Example 4 

[0081 ] To 8 g of UCoo.8Nk}.202 as a positive electrode active substance were added 3 g of a solid electrolyte precursor 
made up of 1 g of Compound No. A-3 and 6 g of y-butyrolactone having dissolved therein lithium perchlorate at a ratio 
of 1 .2 mols/liter. and 2 g of acetylene black as an electroconductive agent, and after mixing them on a mortar, the mix- 
30 ture was cast on an aluminum plate having a thickness of 20 \irr\ and a diameter of 12 mm. After press-sticking thereto 
at 1 ton/cm^, the cast layer was crosslinked using an electro-curtain type electron beams irradiation apparatus in an 
argon gas atmosphere under the conditions of an acceleration voltage of 250 kV and an electron beams dosage of 10 
Mrads to obtain a positive electrode having a thickness of 100 \im. 

[0082] After further coating the solid electrolyte precursor on the positive electrode with a wire coater, the coated layer 
35 was crosslinked using the electron beams irradiation apparatus by the same manner as described alx)ve to form a solid 
electrolyte layer having a thickness of 100 pm. 

[0083] Also, to 7 g of a carbon powder were added 0.3 g of PVDF and 1 0 g of N-methyl-2-pyrrolidone to form a mixture 
in a paste form, the paste was coated on a copper foil, and after drying in a vacuum the coated layer at 200*^0. the 
coated layer was press-stuck thereto at 1 ton/cm^ to obtain a negative electrode having a thickness of 100 urn 
40 [0084] The solid electrolyte layer and the negative electrode layer were stuck to each other, and the assembly was 
tightly enclosed In a fluorocarbon resin-made cell shown in Rg. 1 to obtain a novel lithium solid battery. 

Example 5 

45 [0085] To 8 g of LiCoo^Nio 8^2 as a positive electrode active substance were added 3 g of a solid electrolyte precursor 
made up of 1 g of Compound No. A-3 and 6 g of y-butyrolactone having dissolved therein lithium perchlorate at a ratio 
of 1 .2 mols/liter. and 2 g of acetylene black as an electroconductive agent, and after mixing them on a mortar, the mix- 
ture was cast on an aluminum plate having a thickness of 20 ^m and a diameter of 12 mm. After press-sticking thereto 
at 1 ton/cm^, the cast layer was crosslinked using an electro-curtain type electron beams irradiation apparatus in an 

£0 argon gas atmosphere under the conditions of an acceleration voltage of 250 kV and an electron beds dosage of 10 
Mrads to obtain a positive electrode having a thickness of 100 fim. 

[0086] After further coating the solid electrolyte precursor on the positive electrode with a wire coater. the coated layer 
was crosslinked using the electron beams irradiation apparatus by the same manner as described above to form a solid 
electrolyte layer having a thickness of 100 ^m. 
55 [0087] Also, to 7 g of a cartoon powder were added 0.3 g of PVDF and 10 g of N-methyl-2-pyrrolidone to form a mixture 
in a paste form, the paste was coated on a copper foil, and after drying In a vacuum the coated layer at 200*>C. the 
coated layer was press-stuck thereto at 1 ton/cm^ to obtain a negative electrode having a thickness of 100 urn 
[0088] The solid electrolyte layer and the negative electrode layer were stuck to each other, and the assembly was 
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tightly enclosed in a lluorocarbon resin-made cell shown in Fig. 1 to obtain a novel lithium solid battery. 
Example 6 

5 [0089] To 8 g of UCcq jNio sAlo iOa as a positive electrode active substance were added 3 g of a solid electrolyte pre- 
cursor made up of 1 g of Connpound No. A-3 and 6 g of rbutyrolactone having dissolved therein lithium perchlorate at 
a ratio of 1.2 mols/Iiter. and 2 g of acetylene black as an electroconductive agent, and after mixing them on a mortar, 
the mixture was cast on an aluminum plate having a thickness of 20 ^m and a diameter of 12 mm. After press-sticking 
thereto at 1 ton/cm^, the cast layer was crosslinked using an electro-curtain type electron beams irradiation apparatus 

10 in an argon gas atmosphere under the conditions of an acceleration voltage of 250 kV and an electron beams dosage 
of 10 Mrads to obtain a positive electrode having a thickness of 100 ^m. 

[0090] After further coating the solid electrolyte precursor on the positive electrode with a wire coater. the coated layer 
was crosslinked using the electron beams irradiation apparatus by the same manner as described above to form a solid 
electrolyte layer having a thickness of 100 ^im. 
15 [0091] Also, to 7 g of a carbon powder as a negative electrode active substance were added 0.3 g of PVDF and 1 0 g 
of N-methyl-2-pyrrolidone to form a mixture in a paste form, the paste was coated on a copper foil, and after drying in a 
vacuum the coated layer at 200"C, the coated layer was press-stuck thereto at 1 ton/cm^ to obtain a negative electrode 
having a thickness of 1 00 \im. 

[0092] The solid electrolyte layer and the negative electrode layer were stuck to each other, and the assembly was 
20 tightly enclosed in a f luorocarbon resin-made cell shown in Fig. 1 to obtain a novel lithium solid battery. 

Ex^^mplQ 7 

[0093] To 8 g Of LiCoOg as a positive electrode active substance were added 3 g of a solid electrolyte precursor made 
25 up of 1 g of Compound No. A-4, 2 g of propylene carbonate having dissolved therein lithium tetraborof luoride at a ratio 
of 1 .0 mol/liter, and 4 g of 1 ,2-dimethoxyethane having dissolved therein lithium tetraborofluoride at a ratio of 1 .0 
mol/liter, and 2 g of acetylene black as an electroconductive agent, and after mixing them on a mortar, the mixture was 
cast on an aluminum plate having a thickness of 20 \xm and a diameter of 12 mm. After press-struck thereto at 1 
ton/cm^, the cast layer was crosslinked using an electro-curtain type electron beams irradiation apparatus in an argon 
30 gas atmosphere under the conditions of an acceleration voltage of 250 kV and an electron beams dosage of 10 Mrads 
to obtain a positive electrode having a thickness of 100 pm. 

[0094] After further coating the solid electrolyte precursor on the positive electrode with a wire coater. the coated layer 
was crosslinked using the electron beams irradiation apparatus by the same manner as described above to form a solid 
electrolyte layer having a thickness of 100 iim. 
35 [0095] Also, to 7 g of a carbon powder were added 0.3 g of PVDF and 1 0 g of N-methyl-2-pyrrolidone to form a mixture 
in a paste form, the paste was coated on a copper foil, and after drying in a vacuum the coated layer at 200''C, the 
coated layer was press-stuck thereto at 1 ton/cm^ to obtain a negative electrode having a thickness of 100 ^m. 
[0096] The solid electrolyte layer and the negative electrode layer were stuck to each other, and the assembly was 
tightly enclosed in a f luorocarbon resin-made cell shown in Fig. 1 to obtain a novel lithium solid battery. 

40 

Example 8 

[0097] To 8 g of LiCoOs as a positive electrode active substance were added 3 g of a solid electrolyte precursor made 
up of 1 g of Compound No. A-5, 1 g of ethylene carbonate having dissolved therein lithium thiocyanate at a ratio of 1 .5 

45 mols/Iiter. and 1 g of y-butyrolactone having dissolved therein lithium thiocyanate at a ratio of 1.5 mols/Iiter, and 2 g of 
acetylene black as an electroconductive agent, and after mixing them on a mortar, the mixture was cast on an aluminum 
plate having a thickness of 20 pm and a diameter of 1 2 mm. After press-sticking thereto at 1 ton/cm-, the cast layer was 
crosslinked using an electro-curtain type electron beams irradiation apparatus in an argon gas atmosphere under the 
conditions of an acceleration voltage of 250 kV and an electron beams dosage of 10 Mrads to obtain a positive elec- 

50 trode having a thickness of 100 ^m. 

[0098] After further coating the solid electrolyte precursor on the positive electrode with a wire coater, the coated layer 
was crosslinked using the electron beams irradiation apparatus by the same manner as described above to form a solid 
electrolyte layer having a thickness of 50 \im, 

[0099] Also, to 7 g of a carbon powder as a negative electrode active substance was added 3 g of a solid electrolyte 
55 precursor made up of 1 g of Compound A-5 and 1 g of y-butyrolactone having dissolved therein lithium thiocyanate at 
a ratio of 1 .5 mols/Iiter. and after mixing them on a mortar, the mixture was cast on a copper foil having a thickness of 
20 ^im and a diameter of 12 mm. After press-sticking at 1 ton/cm^, the cast layer was crosslinked using an electro-cur- 
tain type electron irradiation apparatus in an argon gas atmosphere under the conditions of an accelerating voltage of 
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250 kV and an electron beams dosage of 10 Mrads to obtain a negative electrode layer having a thickness of 100 ^m. 
[01 00] The solid electrolyte layer and the negative electrode layer were stuck to each other, and the assembly was 
tightly enclosed in a f luorocarbon resin-made cell shown in Fig. 1 to obtain a novel lithium solid battery. 

5 Example 9 

[0101] To 8 g of LiMn204 as a positive electrode active substance were added 3 g of a solid electrolyte precursor 
made up of 1 g of Compound No, A-6 and 15 g of propylene carbonate having dissolved therein lithium trrfluorometh- 
anesulfonate at a ratio of 2 mols/liter. and 2 g of acetylene black as an electroconductive agent, and after mixing them 
10 on a mortar, the mixture was cast on an aluminum plate having a thickness of 20 jim and a diameter of 12 mm. After 
press-sticking thereto at 1 ton/cm^, the cast layer was crosslinked using an electrocurtain type electron beams irradia- 
tion apparatus to obtain a positive electrode having a thickness of 100 nm. 

[01 02] After further coating the solid electrolyte precursor on the positive electrode with a wire coater. the coated layer 
was crosslinked using the electron beams irradiation apparatus by the same manner as described atDove to form a solid 

15 electrolyte layer having a thickness of 50 jim. 

[01 03] Also, to 7 g of a cartx)n powder as a negative electrode active substance was added 3 g of a solid electrolyte 
precursor made up of 1 g of Compound A-6 and 15 g of ethylene carbonate having dissolved therein lithium trifluor- 
omethanesulfbnate at a ratio of 2 mols/liter, and after mixing them on a mortar, the mixture was cast on a copper foil 
plate having a thickness of 20 pm and a diameter of 12 mm. After press-sticking at 1 ton/cm^, the cast layer was 

20 crosslinked using an electrocurtain type electron irradiation apparatus in an argon gas atmosphere under the conditions 
of an accelerating voltage of 250 kV and an electron beams dosage of 10 Mrads to obtain a negative electrode layer 
having a thickness of 100 pm. 

[0104] The solid electrolyte layer and the negative electrode layer were stuck to each other, and the assembly was 
tightly enclosed In a f luorocarbon resin-made cell shown In Fig. 1 to obtain a novel lithium solid battery. 

25 

Example 10 

[0105] To 8 g of LiMn204 as a positive electrode active substance were added 3 g of a solid electrolyte precursor 
made up of 1 g of Compound No. A-7, 2.5 g of ethylene carbonate having dissolved therein lithium tetraborate at a ratio 
30 of 1 mol/liter. and 4 g of diethyl carbonate having dissolved therein lithium tetraborate at a ratio of 1 mol/Iiter, and 2 g of 
acetylene black as an electroconductive agent, and after mixing them on a mortar, the mixture was cast on an aluminum 
plate having a thickness of 20 pm and a diameter of 12 mm. After press-sticking thereto at 1 ton/cm^, the cast layer was 
crosslinked using an electro-curtain type electron beams irradiation apparatus to obtain a positive electrode having a 
thickness of 100 pm. 

35 [01 06] After further coating the solid electrolyte precursor on the positive electrode with a wire coater. the coated layer 
was crosslinked using the electron beams irradiation apparatus by the same manner as described above to form a solid 
electrolyte layer having a thickness of 50 fim. 

[0107] Also, to 7 g of a cart)on powder as a negative electrode active substance were added 0.3 g of PVDF and 10 g 

of N-methyl-2-pyrrolidone to form a mixture in a paste form, the paste was coated on a copper foil plate having a thick- 
40 ness of 20 nm and a diameter of 1 2 mm, and the coated layer was press-stuck thereto at 1 ton/cm^ to obtain a negative 
electrode having a thickness of 100 jim. 

[0108] The solid electrolyte layer and the negative electrode layer were stuck to each other, and the assentoly was 
tightly enclosed in a fluorocarbon resin-made celt shown in Rg. 1 to obtain a novel lithium solid battery. 

45 Example 1 1 

[01 09] To 8 g of V2O5 as a positive electrode active substance were added 3 g of acetylene black. 0.2 g of PVDF. and 
1 0 9 of N-methyl-2-pyrrolidone to form a mixture in a paste form, the paste was coated on a stainless steel sheet having 
a thickness of 20 ^im and a diameter of 12 mm. and after drying in a vacuum at 200**C. the coated layer was stuck 

50 thereto at 1 ton/cm^ to obtain a positive electrode having a thickness of 100 pm. 

[01 1 0] Then, after coating on the positive electrode a solid electrolyte precursor made up of 1 g of the Compound A- 
8 and 2.5 g of sulfolane having dissolved therein lithium perchlorate at a ratio of 0.8 mol/liter with a wire coater. the 
coated layer was crosslinked using an electro-curtain type electron irradiation apparatus in an argon gas atmosphere 
under the conditions of an acceleration voltage of 250 kV and an electron beams dosage of 10 Mrads to form a sofid 

55 electrolyte layer having a thickness of 50 iim. 

(01 1 1 ] The above-described solid electrolyte layer and a metallic lithium layer having a thickness of 50 pm and a diam- 
eter of 12 mm as a negative electrode layer were stuck to each other, and the assembly was tightly enclosed in a (luor- 
ocarbon resin-made cell shown in Fig. 1 to obtain a novel lithium solid battery. 
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Example 12 

[01 12] To S g of V2O5 as a positive electrode active substance were added 3 g of acetylene black, 0.2 g or P VDF. and 
10 g of N-methyl-2-pyrroIidone to form a mixture in a paste form, the paste was coated on a stainless steel sheet having 
5 a thickness of 20 ^m and a diameter of 12 mm, and after drying in a vacuum at 200''C. the coated layer was stuck 
thereto at 1 ton/cm^ to obtain a positive electrode having a thickness of 100 ^m. 

[0113] Then, after coating on the positive electrode a solid electrolyte precursor made up of 1 g of the Compound A- 
9 and 4 g of propylene carbonate having dissolved therein lithium perchlorate at a ratio of 1 .2 mol/liter with a wire coater. 
the coated layer was crosslinked using an electro-curtain type electron irradiation apparatus in an argon gas atmos- 
10 phere under the conditions of an acceleration voltage of 250 kV and an electron beams dosage of 10 farads to form a 
solid electrolyte layer having a thickness of 50 ^m. 

[0114] The solid electrolyte layer and a metallic lithium layer having a thickness of 50 nm and a diameter of 12 mm 
as a negative electrode layer were stuck to each other, and the assembly was tightly enclosed in a fluorocarbon resin- 
made cell shown in Fig. 1 to obtain a novel lithium solid battery. 

15 

Example 13 

[0115] To 8 g of LiCo02 as a positive electrode active substance were added 3 g of a solid electrolyte precursor made 
up of 1 g of the Compound A- 10 and 8 g of propylene carbonate having dissolved therein bistrrfluoromethylsulfonytlmi- 

20 dolithium at a ratio of 1 .5 mols/liter. and 2 g of acetylene black as an electroconductive agent, and after mixing them on 
a niortar. the mixture was cast on an aluminum plate having a thickness of 20 fim and a diameter of 12 mm. and the 
cast layer was crosslinked using an electro-curtain type electron beams irradiating apparatus in an argon gas atmos- 
phere urKier the conditions of an accelerating voltage of 250 kV and an electron beams dosage of 10 K^rads to obtain 
a positive electrode having a thickness of 100 pm. 

25 [0116] Then, after further coating the solid electrolyte precursor on the positive electrode with a wire coater. the 
coated layer was crosslinked using the by the same manner as described above to form a solid electrolyte layer having 
a thickness of 50 ^n\. 

[01 1 7] Also, to 7 g of a carbon powder were added 0.3 g of PVDF and 1 0 g of N-methyl-2-pyrrolidone to form a mixture 
in a paste form, the past was coated on a copper foil, and after drying in a vacuum at 200°C. the coated layer was press- 
30 stuck thereto at 1 ton/cm^ to obtain a negative electrode layer having a thickness of 100 ^m. 

[01 18] The solid electrolyte layer and the negative electrode layer were stuck to each other, and the assembly was 
tightly enclosed In a fluorocarbon resin-made cell shown In Fig. 1 to obtain a novel lithium solid battery. 

Comparative Example 1 

35 

[01 19] To 8 g of LIC0O2 as a positive electrode active substance were added 3 g of a solid electrolyte precursor made 
up of 1 g of Compound No. A-1 and 1 g of propylene carbonate having dissolved therein lithium perchlorate at a ratio 
of 1 .0 mol/liter. and 2 g of acetylene black as an electroconductive agent, after mixing them on a mortar, the mixture 
was cast on an aluminum plate having a thickness of 20 ^m and a diameter of 1 2 mm and the cast layer was crosslinked 
40 using an electro-curtain type electron beams irradiation apparatus in an argon gas atmosphere under the conditions of 
an acceleration voltage of 250 kV and an electron beams dosage of 10 Mrads to obtain a positive electrode having a 
thickness of 100 ^im. 

[01 20] After further coating the solid electrolyte precursor on the positive electrode with a wire coater, and the coated 
layer was crosslinked using the electron beams irradiation apparatus by the same manner as described above to form 

45 a solid electrolyte layer having a thickness of 50 pm. 

[01 21] Also, to 7 g of a carbon powder were added 0.3 g of PVDF and 10 g of N-methyl-2 pyrrolidone to form a mixture 
in a paste form, the paste was coated on a copper foil, and after drying in a vacuum the coated layer at 200'*C, the 
coated layer was press-stuck thereto at 1 ton/cm^ to obtain a negative electrode having a thickness of 100 pm. 
[0122] The solid electrolyte layer and the negative electrode layer were stuck to each other, and the assembly was 

so tightly enclosed in a fluorocarbon resin-made cell shown In Fig. 1 to obtain a novel lithium solid battery. 

Comparative Example 2 

[0123] As a solid electrolyte precursor. 1 g of the Compound B-1 was mixed with 4 g of propylene cartx>nate having 
55 dissolved therein lithium perchlorate at a ratio of 1 .0 mol/liter. While it was attempted to obtain a positive electrode by 
the same manner as in Example 1 using the mixture desaibed above, the crosslinking was insufficient Mso, to make 
sure, it was tried to crosslink the solid electrolyte precursor singly. However, only a brittle solid electrolyte was obtained. 
arKi a battery could not be prepared. 
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Comparative Example 3 

[01 24] To 8 g of LiCo02 3S a positive electrode active substance were added 3 g of a solid electrolyte precursor made 
up of 1 g of Compound No. 8-2 and 3 g of propylene carbonate having dissolved therein lithium perchlorate at a ratio 

5 of 1 .2 mols/liter, and 2 g of acetylene black as an electroconductlve agent, and after mixing them on a mortar, the mix- 
ture was cast on an aluminum plate having a thickness of 20 pm and a diameter of 12 mm. and the cast layer was 
crossllnked using an electro-curtain type electron beams irradiation apparatus in an argon gas atmosphere under the 
conditions of an acceleration voltage of 250 kV and an electron beams dosage of 10 Mrads to obtain a positive elec- 
trode having a thickness of 100 pm. 

10 [01 25] After further coating the solid electrolyte precursor on the positive electrode with a wire coater. the coated layer 
was crosslinked using the electron beams irradiation apparatus by the same manner as described above to form a solid 
electrolyte layer having a thickness of 50 ^m. 

[0126] Also, to 7 g of a carbon powder were added 0.3 g of PVDF and 10 g of N-methyl-2-pyrroIidone to form a mixture 
in a paste form, the paste was coated on a copper foil, and after drying In a vacuum the coated layer at 200°C, the 
15 coated layer was press-stuck thereto at 1 ton/cm^ to obtain a negative electrode having a thickness of 100 pm 

[0127] The solid electrolyte layer and the negative electrode layer were stuck to each other, and the assembly was 
tightly enclosed in afluorocarbon resin-made cell shown in Rg. 1 to obtain a novel lithium solid battery 

Comoarative Example 4 

20 

[0128] As a solid electrolyte precursor. 1 g of the Compound B-3 was mixed with 4 g of propylene carbonate having 
dissolved therein lithium perchlorate at a ratio of 2.0 mol/liter. While it was attempted to obtain a positive electrode by 
the same manner as in Example 1 using the mixture described above, the crosslinking was insufficient. Also, to make 
sure, it was tried to crosslink the solid electrolyte precursor singly. However, only a brittle solid electrolyte was dbtained. 
25 and a battery could not be prepared. 

Comoarative Example 5 

[0129] As a solid electrolyte precursor. 1 g of the Compound B-4 was mixed with 4 g of propylene carbonate having 
30 dissolved therein lithium perchlorate at a ratio of 1 .0 mol/liter. and it was attempted to obtain a positive electrode by the 
same manner as in Example 1 using the mixture described above. However, the crosslinking was insufficient. Also, to 
make sure, it was tried to crosslinking the solid electrolyte precursor singly, but only a brittle solid electrolyte was 
obtained, and a battery could not be prepared. 

35 Comparative Example 6 

[01 30] To 8 g of LiCoOs as a positive electrode active substance were added 3 g of a solid electrolyte precursor made 
up of 1 g of Compound No. B-5 and 1 g of propylene carbonate having dissolved therein lithium perchlorate at a ratio 
of 1 .0 mol/liter, and 2 g of acetylene black as an electroconductive agent, and after mixing them on a mortar, the mixture 
40 was cast on an aluminum plate having a thickness of 20 pm and a diameter of 12 mm, and the cast layer was 
crosslinked using an electro-curtain type electron beams irradiation apparatus in an argon gas atmosphere under the 
conditions of an acceleration voltage of 250 kV and an electron beams dosage of 10 Mrads to obtain a positive elec- 
trode having a thickness of 100 pm. 

[01 31 ] After further coating the solid electrolyte precursor on the positive electrode v^rith a wire coater, the coated layer 
45 was crosslinked using the electron beams irradiation apparatus by the same manner as described above to form a solid 
electrolyte layer having a thickness of 50 jim. 

[01 32] Also, to 7 g of a carbon powder were added 0.3 g of PVDF and 1 0 g of N-methyl-2-pyrrolidone to form a mixture 
in a paste form, the paste was coated on a copper foil, and after drying in a vacuum the coated layer at 200°C, the 
coated layer was press-stuck thereto at 1 ton/cm^ to obtain a negative electrode having a thickness of 100 ^m. 
50 [0133] The solid electrolyte layer and the negative electrode layer were stuck to each other, and the assembly was 
tightly enclosed in a f luorocarbon resin-made cell shown in Rg. 1 to obtain a novel lithium solid battery. 
[01 34] The compositions of the batteries prepared in these Examples and Comparative Examples are shown in Table 
3 below. 

55 
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[01 35] On each of the solid batteries prepared in the Examples and Comparative Examples, a charging-discharging 
cyde test was carried out. The test conditions and the results obtained are shown in Table 4. The test was carried out 



20 



EP 0 923 147 A2 



at 25°C with constant electric current charging-discharging. and the initial capacity and the cycle nunnber of times when 
the capacity became 80% of the initial capacity were measured. 
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[01 36] As described above, the solid battery of the present invention not only gives no liquid leakage occurring in case 
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of using a liquid electrolyte but also has the electric capacity comparable to a battery of a liquid electrolyte system and 
an excellent mechanical strength by employing the specific solid electrolyte. Accordingly, the present invention can pro- 
vide a solid battery having a high reliability and giving advantages for light-weighting the product incorporated with a 
battery and short-sizing and thinning the product, which is used as back up electric sources of electron instruments, 
5 electric sources for watches, electric sources for cameras, electric sources of pacemakers, etc. 

Claims 

1. A solid battery using a solid electrolyte obtained by dissolving a tetrafunctional high-molecular compound and an 
10 electrolyte salt in a solvent and crosslinking the solution by the irradiation of an actinic radiation and/or by heating, 
wherein the solid electrolyte is one obtained by using a tetrafunctional terminal acryloyl-modified alkylene oxide 
polymer having a high-molecular chain represented by following formula (I) as the above-described tetrafunctional 
high-molecular compound, compounding the solvent with the polymer at a ratio of from 220 to 1 ,900% by weight to 
the above-described tetrafunctional high-molecular corrpound. and crosslinking the compounded mixture: 

15 

R' R' 

I I I 

- (CH2CHO) (CH2CHO) „-C0-C = CH2 



wherein and each represents a hydrogen atom or a lower alkyi group; R^ represents a hydrogen atom or a 
methyl group; m and n each represents 0 or an integer of at least 1 ; in one high-molecular chain, m + n ^ 35; and 
25 each of plural R\ R^. R^, m, and n in the four high-molecular chains may be the same or different. 

2. A solid battery of claim 1 . wherein the solid battery has a composite positive electrode composed of a positive elec- 
trode composite containing a positive electrode active substance and the solid electrolyte, and the solid electrolyte 
is disposed as a separator between the composite positive electrode and a negative electrode. 

30 

3. A solid battery of claim 2, wherein the negative electrode is a connposite negative electrode composed of a negative 
electrode composite containing a negative electrode active substance and the solid electrolyte. 

4. A solid battery of claim 1 , wherein the solvent is at least one kind selected from the group consisting of cyclic esters, 
35 cyclic cartx)nic esters, cyclic ethers, nitriles. chain ethers, chain esters, chain carbonic esters, sulfolane. sulfolane 

derivatives, dimethyl sulfoxide. N,N-dimethylformamide, and N-methyloxazolidlnone. 
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ular compound, compounding the solvent with the polymer at a ratio of from 220 to 1 ,900% by weight to the above- 
described tetrafunctional high-molecular compound, and crosslinking the compounded mixture: 



R2 
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- (CH2CHO) „- (CH2CHO) „-CO-C = CH: 



(I) 



wherein R' and eacti represents a tiydrogen atom or a lower alkyi group; R^ represents a hydrogen atom or a 
methyl group: m and n each represents 0 or an Integer of at least 1 ; In one high-molecular chain, m -»■ n > 35. 

The solid battery has a high performance and a high-energy density, prevents the occurrerK;e of liquid leakage 
and gas spouting, and has an excellent mechanical strength. 
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